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SOME APPLICATIONS OF SCINTILLATION SPECTROMETRY 
TO NONDESTRUCTIVE TESTING 

by 

Ronald B. P e r r y 

ABSTRACT 

Gamnaa-ray scintillation spectrometry is a useful 
tool for the nondestructive assay of the U^̂ * content of r e 
search reactor fuel. The U^̂ ^ is the only isotope of uranium 
that produces a strong peak of gamma energy at 184 keV. 
Accordingly, the U '̂'̂  content of reactor fuel can be accurately 
determined by counting the 184-keV gamma emission. 

Uranium foil standards of known weight and isotopic 
content can be used for assay of fabricated reactor fuel with 
a product of density and thickness small enough to permit 
accurate measurement of the self-absorption factor. Two 
techniques for nondestructive assay of fabricated fuel in flat 
configurations, based on the use of uranium foils as standards, 
a re discussed herein. In the first method a small area is 
counted and homogeneity is assumed. In the second method, 
a two-dimensional scanning technique is employed such that 
the entire sample is counted. A similar scanning technique 
has been used for tubes of 5.08- to 7.62-cm diameter. 

Other configurations of reactor fuel have products of 
density and thickness or geometrical shapes that do not pe r 
mit accurate measurement of the self-absorption factor for 
the 184-keV gamma. Standard samples for these configura
tions maybe taken from the mater ia l itself and standardized 
by mass - spec t rome t r i c and chemical analysis or specially 
fabricated from mater ia l of known U '̂'̂  content. 

Scintillation counting techniques may be applied to 
other reactor fuel testing problems. Distribution of U"^ in 
dispersion and alloy-type fuels can be measured by counting 
small a reas with a well-coUimated detector. 

I. INTRODUCTION 

Gamma-ray scintillation spectrometry provides a nondestructive 
method of reactor fuel assay for U^̂ ^ content which is useful for quality 





control and accountability purposes. In a sample of highly enriched 
uranium containing 93% U " ^ 5.5% U"*, 1% U"*, and 0.5% U " ^ the U"= 
isotope contributes only 3% of the total disintegrations. But examination 
of the gamma-ray spectra of various uranium isotopes (see Figures la, lb, 
Ic, and Id) indicates that the U"^ isotope is the pr imary source of gamma 
radiation of 184-keV energy. In normal uranium the U " ' isotope produces 
approximately 2% of the disintegrations, but its presence is still detectable 
from the gamma-ray spectrum (see Figure lb). The intense peak of gamma 
energy at 184 keV from the decay of U"^ is especially useful for U"^ assay. 
Procedures for quantitative measurement of U^̂ ^ content in reactor fuels 
based on counting the 184-keV gamma from U " ' by means of a single-
channel scintillation spectrometer with a Nal(Tl) crystal detector have been 
established. 

Figure la 

Gamma-ray Spectrum of 
Uranium Enriched in U"^ 

670-526 Rev. 
GAMMA SPECTRUM-NORMAL URANIUM 

Figure lb 

Gamma Spectrum 
Normal Uranium 

670-520 Rev. 
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Figure Ic. Gamma-ray Spectrum of 
Uranium Enriched in U"'* 
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Gamma-ray Spectrum of 
Uranium Enriched in U^ 

670-525 Rev. 

The graph in Figure 2 shows there is a linear relationship between 
the intensity of the 184-keV gamma and the quantity of U"^ in the source. 
The quantity of uranium has been kept constant so that the self-absorption 
is the same for each sample. As shown in Figure 3, in which the spectra 
of sources containing various amounts of U^̂  are superimposed, the entire 
gamma-ray spectrum up to 300 keV decreases as the amount of U^^' in the 
source decreases . The spectra were produced under the same conditions 
with sources of approximately the same weight. 
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Figure 3 

Gamma-ray Spectra of 
Uranium Foils of Vari
ous U^'^ Enrichments 

670-523 Rev. 
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II. U"5 ASSAY PROCEDURE 

A. Static Method 

Fuel configurations with densi ty- t imes-thickness products small 
enough to permi t accurate measurement of the self-absorption factor for 
the 184-keV 7 radiation from U"^ can be compared with standard uranium 
foils of known weight and isotopic content.(1) This technique is applicable 





to thin plates containing an uranium alloy or dispersion. Cladding of 
approximately the same thickness on both sides of the sample will not 
affect the resul t s . 

A technique for counting the samples and measuring the self-
absorption is shown in Figure 4. The detector is shielded and coUimated 
with lead so that only the a rea under the collimator is counted. The three 
count ra tes obtained in steps 1-3 in Figure 4 a re used to calculate the ab
sorption factor /it of the sample from the equation for exponential ab
sorption given at the bottom of Figure 4. The count rate of the sample is 
corrected for self-absorption by means of the equation given in Figure 5. 
The self-absorption correction for the standard foil would be determined 
in a similar manner and would then be a known constant. 

S Lead shielding 

_STEP 1 

Source 
Std. Foil) 

STEP 2 

y' Source 

/ Absorber 
(Fuel Plate) 

Count taken of foil alone 

Let th is count • A 

Count taken with fuel plate covering foil 

Let th is count - B 

' (Foil ct. as attenuated by fuel plate) 
+ (ct. from fuel plate) 

Figure 4 

Experimental Procedure 
U^^' Analysis Scintillation 
Spectrometry 

STEP 3 Count taken of fuel plate alone 

Let t t i is count = C 
Absorber 

(Fuel Platel 

Known: Exponential absorption I - I Q e ' / ^ ' 

wfiere: Ig • source unattenuafed . A 

I • source attenuated = B-C 

Tlierefore: T " • e ' ' ' ' • - n r " 

106-5988 Rev. 

Figure 5 

Self-absorption Relation 
for Exponentially Ab
sorbed Radiation 

C, 1 - e-^t 
Co / i t 

where: 

CQ = Activity of source witli no self absorption 

Cf = Activity of source with self absorption having 
thicl<ness t and absorption coefficient fi 

1 0 6 - 5 9 9 0 





The r a t i o of the c o r r e c t e d count r a t e s for the s t a n d a r d foil and 
s a m p l e a r e equa l to the r a t i o of t h e i r r e s p e c t i v e d i s i n t e g r a t i o n r a t e s in 
the a r e a u n d e r the c o l l i m a t o r . The quan t i ty of U"^ in a un i t a r e a of the 
s a m p l e i s then d e t e r m i n e d by d i r e c t p r o p o r t i o n . The U^-'' con ten t of the 
e n t i r e s a m p l e can be c a l c u l a t e d by m e a s u r i n g the a r e a of the s a m p l e and 
a s s u m i n g the s a m p l e to be h o m o g e n e o u s . The a r e a of c lad sannples m a y 
be m e a s u r e d f r o m a r a d i o g r a p h . An e x a m p l e of the a c c u r a c y obta inable 
by th i s t e chn ique i s g iven in Tab le I. The p l a t e s n u m b e r e d 605, 598, and 
500C w e r e a s s a y e d by a v e r a g i n g the r e s u l t s of 15 coun ts t aken over dif
f e r e n t a r e a s on e a c h p l a t e . 

Table I 

COMPARISON OF DESTRUCTIVE AND NONDESTRUCTIVE ANALYSIS 

U " ' Content, g 

High Flux 
Reactor 

Juggernaut 

Plate 
Number 

605 

598 
500C 

AD-9 
AP-11 

Gamma Counting, 
Static Method 

15.10 + 0.30 

18.43 + 0.37 
4.24 + 0.08 

17.01 ± 0,08* 
17.74 ± 0.12* 

Ma 
Chemical and 
ss-spectrometr ic 

Analysis 

15.07 ± 0.08 

18.17 + 0.11 
4.10 + 0.02 

16.953 
17.735 

From 
Fabrication 

Data 

Not available 

Not available 
Not available 

17.01 
16.68 

*Scanning method 

B. T w o - d i m e n s i o n a l Scanning Method 

A s e c o n d m e t h o d , wh ich e l i m i n a t e s two p o s s i b l e s o u r c e s of e r r o r 
in the f i r s t m e t h o d but r e q u i r e s m o r e e q u i p m e n t , i s b a s e d on a t w o -
dinnens ional scann ing technique.v"^/ 

The t e chn ique i s shown d i a g r a m m a t i c a l l y in F i g u r e 6. A l a t h e , 
wi th the d e t e c t o r m o u n t e d on the c r o s s feed, and the s i n g l e - c h a n n e l s c i n 
t i l l a t i on s p e c t r o m e t e r u s e d for scann ing fuel p l a t e s a r e shovra in F i g u r e 7. 
The count ing t i m e i s d e t e r m i n e d by the scann ing s p e e d of two o r thogona l 
c o m p o n e n t s of m o t i o n . In th i s m e t h o d h o m o g e n e i t y n e e d no t be a s s u m e d 
and m e a s u r e m e n t of the a r e a i s no t r e q u i r e d . The r e s u l t i n g count a c 
c u m u l a t e d d u r i n g scann ing i s p r o p o r t i o n a l to the a r e a a s we l l a s the i n 
t e n s i t y of the s o u r c e . The s e l f - a b s o r p t i o n c o r r e c t i o n s a r e c a l c u l a t e d in 
the s a m e m a n n e r a s in the f i r s t m e t h o d . 

An e x a m p l e of a c a l i b r a t i o n c u r v e ob ta ined by two d i m e n s i o n a l 
s cann ing for s t a i n l e s s s t e e l - c l a d BORAX-V s u p e r h e a t e r p l a t e s wi th four 





different core loadings is shown in Figure 8. The lower curve is the ob
served count rate as a function of core loading; the upper curve shows the 
count rate after correction for self-absorption as a function of core loading. 
The accuracy of the self-absorption correction is indicated by the fact that 
the points fall on a straight line passing through the origin. 

Figure 6 

Total Scanning Technique U"^ 
Assay of Fuel Elements by 
Scintillation Spectrometry 

Motion of Latfie Cross Feed 
Wtiicti Supports the Detector 106-5989 

106-5732 

Figure 7. Equipment for Two-dimensional Scanning of Fuel Plates 
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Calibration Curve Obtained 
by Two-dimensional Scanning 

GRAMS U-Z35 
150-324 

A modification of the two-dimensional scanning method has been 
applied to CP-5 type aluminum clad aluminum-uranium alloy tubes of 
5.08- to 7.62-cm diameter. The tube is revolved on centers in a lathe 
while the detector scans along its length. A cylindrical lead absorber in
side the tube permi ts the detector to measure gamma radiation from the 
detector side of the tube only. Standard foils mounted on a concentric 
cardboard tube are used to measure the self-absorption. A constant e r ro r 
of about 1% was encountered in this case. Fur ther development would be 
necessary to make this procedure reliable for the tubular geometry. 

III. DISCUSSION OF APPLICATIONS 

If an entire reactor loading is to be assayed for U"^ content, only 
a few plfLtes need be standardized by one of the above methods. The 
balance of the plates can be compared with these standards. If the samples 
are small , they can be counted with a fixed geometry and the detector 
integrates the gamma flux over the area of the source. This technique gave 
satisfactory resul ts for ALPR core blanks having dimerisions of 17.463 x 
8.41 cm when a 6.35-cm-diameter detector was used.(3) 

The gamma flux from the entire area of a fuel plate can be inte
grated by the detector by moving the plate beneath the detector at a linear 
ra te . The arrangement used for the Juggernaut loading and for BORAX-V 
superheater plates is shown in Figure 9. The la rger detector in the fig
ure was an alpha scintillator used for detecting radioactive surface con
tamination. Table I gives resul ts obtained by scintillation spectrometry 
for individual fuel plates compared with chemical and mass spectrometer 
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analysis and fabrication data. Table II summarizes the results for an 
entire loading compared with fabrication data.(^) 

106-5730 

Figure 9. Equipment for Linear Scanning of Fuel Plates 

Table II 

MEASURED U^^' LOADING COMPARED WITH FABRICATION DATA 
FOR BORAX-V SUPERHEATER PLATES 

Content, g 
Type of Number of 
Loading Plates Gamma Counting 

HCE 
FCE 
HPE 
F P E 

Total 

186 
186 
226 
226 

824 

2,797.66 
5,185.99 
5,334.21 

10,012.73 

23,330.59 

Fabrication Data % Deviation 

2,783.57 
5,240.24 
5,341.89 
9,974.47 

23,340.17 

+0.51 
-1 .04 
-0 .14 
+0.38 

0.04 

Fuel elements with large density-t imes-thickness products or com
plicated configurations cannot be standardized with uranium foils. If a 
large number of samples are to be nondestructively analyzed, it is usually 
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not objectionable to sacrifice several samples for destructive analysis. An 
alternative method of standardization is fabrication of standard fuel elements 
or simulated fuel elements. For example, standards for 0.0762-cm-
diameter aluminum-uranium alloy wire were made by absorbing uranyl 
ni trate solution into nylon string of the same diameter. If the range of U^ 
content is not more than 5 to 10% from the average, two standards a re 
usually sufficient for calibration. If the range is much larger a l inear func
tion cannot be assumed and additional standards a re necessary . 

IV. URANIUM DISTRIBUTION IN DISPERSION AND ALLOY FUELS 

Distribution of uranium in dispersion or alloy-type fuels can be 
measured by scintillation spectrometry by counting small a reas of the fuel 
and comparing the count rate with the average count ra te . The average 
count rate for the sample can be determined by scanning the entire sample. 
For measuring the distribution of uranium it is advantageous to use the 
entire gamma spectrum, so that the desired accuracy can be obtained in 
the shortest counting t ime. A disadvantage of the technique is that thick
ness changes cannot be distinguished from inhomogeneity in the dispersion 
or alloy. 
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